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Abstract
Cuticular hydrocarbons are found in the epicuticle of insects and act during interactions between nestmates 
in social insects. Among the classes of these compounds, branched alkanes stand out acting as flags during 
intracolonial interactions, therefore, varying significantly intraspecificaly. However, there is evidence that linear 
alkanes can also act as signals in these interactions and therefore would also be important to assess intraspecific 
differences in colonies of social insects. Thus, the hypothesis of this study is that linear alkanes can be used as a 
tool to establish intraspecific relationships in a species of social wasp. Linear alkanes of all developmental stages 
were evaluated from colonies of the species Mischocyttarus consimilis Zikán (Hymenoptera, Vespidae). 21 linear 
alkanes were detected, with the majority ranging from n-C
26 
to n-C33. There is significant variation between the 
compounds of all developmental stages, both from samples of different colonies and populations. Therefore, the 
results validate the hypothesis that variation in composition of linear alkanes can be useful to assess intraspecific 
differences in social wasps.
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Resumo
Os hidrocarbonetos cuticulares são encontrados na epicutícula dos insetos e atuam durante as interações entre 
companheiras de ninho em insetos sociais. Dentre as classes destes compostos, se destacam na literatura, os 
alcanos ramificados atuando como sinalizadores durante interações intracoloniais, assim sendo, variam 
intraespecificamente de forma significativa. Contudo, há evidências de que os alcanos lineares também podem atuar 
como sinalizadores nas interações e, portanto também seriam importantes para avaliar diferenças intraespecíficas 
em colônias de insetos sociais. Posto isto, a hipótese deste estudo é de que os alcanos lineares podem ser usados 
como ferramenta para estabelecer relações intraespecíficas em uma espécie de vespa social. Foram avaliados 
os alcanos lineares de todos os estágios de desenvolvimento de colônias da espécie Mischocyttarus consimilis 
Zikán (Hymenoptera, Vespidae). Foram detectados no total 21 alcanos lineares, com os majoritários variando do 
n-C
26
 ao n-C33. Há uma variação significativa tanto entre os compostos de todos os estágios de desenvolvimento, 
de amostras de colônias diferentes, quanto de amostras de populações diferentes. Portanto, os resultados 
validam a hipótese de que a variação da composição de alcanos lineares podem ser úteis para avaliar diferenças 
intraespecíficas em vespas sociais
Palavras-chave: Estágios de Desenvolvimento; Epicutícula; Material do Ninho; População de Vespas
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1. Introduction 
The cuticle of insects is composed by the epicuticle, which is the outermost layer of their exoskeleton, an 
important structure for the success of this group (GULLAN; CRANSTON, 2007). This layer consists of a range of 
compounds that act on protection against desiccation and part of these compounds are the cuticular hydrocarbons 
(CHCs), which are composed of carbon chains, generally 20-40, especially, long chain linear alkanes, alkenes, 
methyl branched alkanes and polymethyl alkanes (BROWN et al., 1991; LORENZI et al., 2004; MARTIN et al., 
2004, ZHU et al., 2006). Besides preventing dehydration these compounds also act as a barrier against 
microorganisms and play other biochemical, physiological and semiochemical functions (HOWARD; 
BLOMQUIST, 2005). 
The CHCs function as chemical signals for intra- and interspecific communication, especially in social 
insects (BORGES et al., 2012). These compounds act on the receiver individual producing specific physiological or 
behavioral responses (GULLAN; CRANSTON, 2007). And, when involved in intraspecific communication they 
function as a specific type of pheromone called superficial or contact pheromones (BLOMQUIST; BAGNÉRES, 
2010). Contact pheromones have long chains and are found in the epicuticle, differently from those secreted by 
exocrine glands present all over the body, which are light and volatile molecules (HOWARD, 1993). 
These compounds act directly in the recognition between nestmates, which is fundamental to maintain 
cohesion in colonies of social insects, protecting them from foreign exploitation, especially by members of other 
colonies (DANI et al., 2004). This recognition mechanism occurs through chemical markers that in social insects 
function as chemical codes used to encrypt the membership of an individual in the colony (HEFETZ, 2007), giving 
the colony a profile, i.e. a particular "smell". In general, it is likely that these odors present in epicuticle are partly 
determined by genetic components (HOWARD; BLOMQUIST, 2005), and partly acquired from environmental 
components through interactions with other colony members and in the case of social insects, through interaction 
with their own nest (ESPELIE; HERMANN, 1990; COTONESCHI et al., 2007). Therefore, this process allows the 
wasps to acquire a chemical profile corresponding to their nest and nestmates (LORENZI et al., 2004) which may 
vary significantly among different populations of a specie, as already found by DAPPORTO et al. (2004a), 
comparing CHCs composition among three populations of Polistes dominula (Christ) (Hymenoptera, Vespidae). 
These compounds are present from the egg stage, creating a chemical identity for each stage and mediating 
the interactions between them (ESPELIE; HERMANN, 1990; BROWN et al., 1991; PANEK; GAMBOA, 2000). 
The larval epicuticular substances are sufficient for recognition of larvae by adults in colonies of the wasp P. 
dominula (COTONESCHI et al., 2007). Indeed, have differences between the composition of CHCs between all 
stages of development of Mischocyttarus consimilis Zikán (Hymenoptera, Vespidae) (MICHELUTTI et al., 2017). 
The hydrocarbons composition present in nest material also plays a central role in this recognition system 
(ESPELIE; HERMANN, 1990; COTONESCHI et al., 2007). In the studies developed with Polistes annularis 
(Linnaeus) (Hymenoptera, Vespidae) (ESPELIE; HERMANN, 1990) and with Protopolybia exigua (Saussure) 
(Hymenoptera, Vespidae) (SILVA et al., 2016) the authors evaluating the chemical composition of nest material and 
confirmed that the CHCs present in these matrices are the same found in the epicuticle of adult wasps. 
Three classes of compounds present in the epicuticle of social insects are important  to the assist in 
intraspecific communication: linear alkanes, branched alkanes and alkenes (HEFETZ, 2007). Interestingly, although 
several studies have stressed branched alkanes as determinants for this function (BONAVITA-COUGOURDAN et 
al., 1991; DANI et al., 1996; LORENZI et al., 1997; MURAKAMI et al., 2015), the behavioral and chemical studies 
demonstrate that this category of compounds may also be effective as signals during nest-mate interactions, 
suggesting that these compounds could be used as a tool to evaluate intraspecific differences between social wasps 
colonies (LORENZI et al., 2004; TANNURE-NASCIMENTO et al., 2007). 
Therefore, since there is evidence that linear alkanes also have a significant role in mediating interactions 
between nestmates and that they can vary significantly among colonies, the aim of this study was to test the 
hypothesis that using only this category of compounds it is possible to assess intraspecific differences in social 
wasps, using the wasp M. consimilis as a model. 
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2. Material and methods 
Twelve colonies of the social wasp M. consimilis, all in post-emergence phase (JEANNE, 1972), were 
collected from June 2013 to February 2014 from two municipalities in the state of Mato Grosso do Sul, Dourados 
(22º13’16’’S; 54º48’20’’W) and Ponta Porã (22º32’10’’S; 55º43’32’’W), and from Guaíra (24º 04’48’’S, 
54º15’21’’W) in the state of Paraná, Brazil. Four colonies were collected from each of these sites for analysis of 
epicuticular chemical compounds of immatures, adults and nests material. All colonies were withdrawn from the 
nesting site at dusk involving them with a plastic container and then detaching the nest peduncle from the substrate. 
All adults were killed by freezing and kept individually stored in eppendorfs at -20ºC. Larvae were 
measured with the aid of a stereo microscope Leica S6D coupled to an ocular micrometer. Larval instar 
determination was carried out by measurement of cephalic capsule width, according to the method proposed by Dyar 
(PARRA; HADDAD, 1989). 
 
2.1. Analysis of cuticular chemical compounds 
Cuticular chemical compounds from the whole individuals of all developmental stages, from eggs to adults, 
were analyzed. From each nest, it was extracted a sample of 1cm² from the central cells. 
Epicuticular and nest material compounds were extracted by immersion of each individual and nest samples 
in 2 ml of hexane HPLC grade, stirring gently for 2 min at room temperature. Then, the samples were removed and 
the solvent was dried by evaporation. 
Immediately before analysis, 50μL of hexane were added for solubilization of samples and standard 
mixture of linear hydrocarbons. The samples were analyzed using a Gas Chromatograph with Flame Ionization 
Detector GC-FID (Thermo Scientific – Focus GC, San Jose, CA, USA), with capillary column OV-5 (Ohio Valley 
Specialty Company, Marietta, OH, USA) 5% phenyl dimethylpolysiloxane (30 m length x 0.25 mm internal 
diameter x 0.25 μm film thickness). Injection of 1 μL in splitless mode.  Injector and detector temperature was 280 
°C. N2 (99.999%) was used as carrier gas at a flow rate of 1.0 mL min-1. Heating ramp with initial temperature of 
130 ºC, reaching 280 °C at a rate of 8 ºC min-1 and remaining at 280 ºC for 20 minutes. Chromatograms were 
recorded by Chrom Quest 5.0 program and analyzed by Workstation Chrom Data Review program. 
The peak area of each compound was determined by manual integration of each total ion chromatogram 
(TIC). Then, all areas were transformed into relative area percent. The standard mixture of linear alkanes (n-C10 to 
n-C40, Sigma Aldrich with purity ≥ 90%) was employed for identification of epicuticular hydrocarbons from the 
samples by comparison of retention times. This method was described and used by FERREIRA et al. (2012) and 
FERREIRA et al. (2017). 
 
2.2. Statistical analysis 
Four different analyses were performed using SYSTAT 12 software (San Jose, CA, USA) to determine the 
importance of linear alkanes to assess differences between the samples. For the first analysis, it was used the relative 
areas of all peaks detected, i.e. all compounds present in samples of all populations. For the second analysis, it was 
used only the relative areas of linear alkanes in order to evaluate the role of these compounds to assess the variation 
between samples from different populations. In the third, it was evaluated the variation of these compounds between 
different developmental stages and nest material, for each population separately. For this analysis, only last-instar 
larvae were used due to the relatively large number of samples. Finally, to assess more carefully the linear alkanes 
variation between the different developmental stages and nest material, it was used the relative areas of these 
compounds, only from the population of Dourados, MS, in order to minimize the effect of the variations generated 
by different types of nesting environments (BROWN et al., 1991; LORENZI et al., 1997). 
Knowing that the levels of CHCs recovered vary according to the material examined and that studies 
demonstrate that, especially for larvae, these contents are relatively low (ESPELIE; HERMANN, 1990), only the 
compounds with relative area percent above 1% were considered significant. 
 
 ateri l s
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3. Results and discussion 
 Discriminant analysis with all detected peaks showed that there are no significant differences between 
cuticular compounds of all stages and nest material among all populations, with Wilks's Lambda = 0.001; F = 1.032 
and p = 0.399.  
Twenty one linear alkanes were identified with carbonic chain varying in content and number of 
compounds from n-C14 to n-C35, present in the different developmental stages and also in the nest material (Table 1 
and Figure 1). Indeed, several compounds of this class were detected in other studies, which identified n-alkanes 
ranging from n-C23 to n-C29 in nest material and cuticle of workers, males, larvae and eggs of the social wasp P. 
annularis (ESPELIE; HERMANN, 1990) and compounds ranging from n-C22 to n-C36 in larvae and adults of P. 
dominula (COTONESCHI et al., 2007). 
 
Table 1 -  Linear alkanes content assessed by GC-FID of samples from different developmental stages and nest material 
of Mischocyttarus consimilis from different populations 
LA 
Stage of development (Average ± SD (%))  
Egg 1st instar 2nd instar 3rd instar 4th instar 5th instar Pupae Adult Nest 
C14 1.01±5.47 - 0.19±0.83 - - - - 0.12±0.64 - 
C15 1.07±5.77 - - - - - - - - 
C16 0.02±0.08 0.05±0.21 - - - 0.02±0.10 - - 0.03±0.05 
C17 1.12±1.57 0.46±0.76 0.34±0.69 - 0.3±0.52 0.33±0.56 0.01±0.04 - 0.04±0.06 
C18 0.18±0.31 0.61±1.95 0.52±1.07 0.12±0.53 0.35±0.69 0.16±0.36 0.10±0.22 0.51±0.68 0.07±0.07 
C19 0.27±1.02 0.04±0.18 0.29±0.49 - 0.19±0.56 0.23±0.40 0.14±0.28 0.01±0.04 0.08±0.10 
C20 1.23±3.14 0.53±1.55 1.15±1.55 0.53±1.65 0.55±1.10 0.43±1.30 0.44±1.11 0.52±0.63 0.09±0.10 
C21 1.45±4.26 0.58±1.70 1.48±2.85 0.69±2.29 0.78±1.76 0.35±0.77 1.71±5.96 0.47±0.55 0.12±0.12 
C22 3.26±7.76 2.53±5.00 2.14±2.44 1.01±2.29 0.92±1.49 0.92±1.99 1.20±2.92 0.91±0.89 0.34±0.43 
C23 1.71±2.99 1.54±5.59 1.46±2.43 0.09±0.28 0.59±0.65 0.74±1.94 1.01±1.48 0.51±0.54 0.20±0.24 
C24 1.41±2.34 1.63±4.40 1.15±1.59 0.44±1.01 1.75±5.36 1.10±1.62 1.21±2.12 1.53±2.29 0.59±0.70 
C25 1.91±2.77 2.34±3.41 2.67±3.07 1.82±2.81 2.06±2.33 2.86±3.28 3.13±10.32 0.75±0.66 0.29±0.35 
C26 1.67±3.15 1.43±1.42 2.66±2.95 2.32±3.14 2.49±3.48 3.94±4.75 2.25±4.82 2.16±2.54 0.95±0.85 
C27 3.99±4.55 3.6±4.09 3.77±2.81 3.60±4.65 8.09±15.85 2.92±2.85 5.39±8.37 1.13±0.96 1.52±3.62 
C28 4.37±4.08 6.33±6.52 4.88±5.42 5.50±5.56 4.69±7.60 6.31±5.56 3.39±8.22 6.72±7.19 4.83±3.51 
C29 7.53±6.87 8.10±6.39 5.75±5.42 6.50±6.03 5.22±5.92 6.13±6.83 9.48±11.72 4.16±4.60 2.05±2.95 
C30 8.64±9.25 10.26±11.34 14.64±17.80 13.94±15.3 7.63±8.74 11.62±9.16 6.59±7.55 13.00±14.15 10.35±8.78 
C31 3.45±2.91 11.13±16.13 4.10±3.97 4.24±2.91 3.59±3.44 5.70±5.23 9.41±9.15 7.57±8.48 17.81±16.60 
C32 3.72±6.25 4.69±5.30 3.47±3.86 4.98±4.87 5.96±8.99 5.32±8.37 2.95±4.61 2.02±1.69 3.60±2.09 
C33 1.76±2.64 1.72±2.15 1.37±2.03 1.39±2.46 2.10±4.11 1.93±3.32 4.71±8.24 5.66±7.73 2.58±3.35 
C34 0.29±1.11 2.91±8.04 1.19±2.75 4.97±11.65 4.28±10.30 3.56±14.85 0.73±0.86 0.39±0.60 0.64±1.20 
C35 0.05±0.19 0.30±0.75 6.36±19.08 0.95±3.01 0.93±2.80 0.34±1.16 3.1±8.54 0.2±0.96 0.59±0.53 
SD= Standard deviation;  LA= Linear alkanes 
All 21 linear alkanes were found in samples of eggs and nest material. The compounds from n-C15 to n-C17 
were detected only in in all immatures and nest material, and the compounds from n-C18 to n-C35 occurred in all 
developmental stages, from egg to adult (Figure 1). Therefore, there is significant qualitative and quantitative 
variation between the composition of linear alkanes in all samples. In Polistes versicolor (Olivier) (Hymenoptera: 
Vespidae) also have significant variation between levels of linear alkanes in the developmental stages (BRITO et al., 
2015). The Table 1 presents, in many cases, high deviation in averages of linear alkanes present in the 
3 Results and discussion
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developmental stages and nest material, which is a recurring variation of samples from different colonies and 
populations. 
 
Figure 1 -  Percentage and number of linear alkanes in samples of different developmental stages and nest material of 
Mischocyttarus consimilis from different populations 
 
 
 
The alkanes from n-C26 to n-C33 were considered major compounds because they presented content above 
1% in all samples. The alkanes n-C29 (7.5%) and n-C30 (8.6%) were the major compounds for eggs, n-C30 (10.3%) 
and n-C31 (11.1%) for first instar larvae, n-C29 (5.7%) and n-C30 (14.6%) for second instar larvae, n-C29 (6.5%) and n-
C30 (13.9%) for third instar larvae, n-C27 (8.1%) and n-C30 (7.6%) for fourth instar larvae, n-C28 (6.3%) and n-C30 
(11.6%) for fifth instar larvae, n-C29 (9.5%) and n-C31 (9.4%) for pupae, n-C30 (13.0%) and n-C31 (7.6%) for adults 
and, finally, n-C30 (10.3%) and n-C31 (17.8%) were the major compounds for nest material (Table 1). 
 The analysis with only the relative areas of linear alkanes showed significant differences between the 
chemical composition of samples from different populations, with Wilks's Lambda = 0.146; F = 2.897; p < 0.001 
(Figure 2). Our results show that linear alkanes are indeed important to assess differences in composition of the 
samples. The most significant compounds to distinguish the groups were n-C14 and from n-C16 to n-C34. Although 
the analysis showed that there are significant differences between cuticular chemical composition, it is possible to 
observe an overlap of groups in Figure 2, probably due to genetic similarities and environmental conditions to which 
the colonies were exposed. For example, in Polistes fuscatus (Fabricius) (Hymenoptera: Vespidae) females are more 
tolerant towards immatures from colonies nested closer to their own colony than those nested further, suggesting 
that the similarity of cuticular compounds of immatures is directly proportional to the distance between colonies 
(KLAHN; GAMBOA, 1983). In fact, exist greater similarity in cuticular chemical compounds between colonies 
from two neighboring populations than from a third population nested more distantly in P. dominula (DAPPORTO 
et al., 2004a). 
Indeed, using only the relative areas of linear alkanes identified in the same samples, there were significant 
differences both when evaluating samples of all developmental stages and nests together (Figure 2) and when 
assessing each type of sample separately (Figure 3). The separate analysis comparing developmental stages and nest 
material from different populations showed that there are significant differences between compounds of eggs (Wilks' 
Lambda = 0.000; F = 74.671; p < 0.001; Figure 3a); larvae (Wilks' Lambda = 0.001; F = 391.695; p < 0.001; Figure 
3b); pupae (Wilks' Lambda = 0.001; F = 35.475; p < 0.001; Figure 3c); adults (Wilks's Lambda = 0.001; F = 20.363; 
p < 0.001; Figure 3d) and nest material (Wilks' Lambda = 0.001; F = 31.359; p = 0.031; Figure 3e). The most 
significant peaks for separation of the groups were n-C14, from n-C16 to n-C24 and from n-C27 to n-C35 for eggs; from 
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n-C16 to n-C35 for fifth instar larvae; from n-C17 to n-C26 and from n-C28 to n-C35 for pupae; n-C14 and from n-C19 to 
n-C35 for adults; and from n-C14 to n-C31 and n-C35 for nest material. 
 
Figure 2 -  Dispersion diagram showing the differentiation in composition of linear alkanes of different developmental 
stages and nest material of Mischocyttarus consimilis from different populations 
 
 
 
Figure 3 -  Dispersion diagram showing the differentiation in composition of linear alkanes of: (a) Egg; (b) Fifth instar 
larvae; (c) Pupae; (d) Adults and (e) Nest material of three different populations of Mischocyttarus consimilis 
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 Finally, the analysis with only one population showed that there are significant differences between the 
cuticular composition of linear alkanes of the different developmental sta.ges and nest material from different 
colonies (Wilks's Lambda = 0.001; F = 149.941; p < 0.001) (Figure 4) and the most significant compounds for 
separation of the groups were from C17 to C35. Figure 4 shows that linear alkane composition vary significantly 
among different developmental stages of different colonies from the same population, which proves that, indeed, 
each colony has its own chemical signature (DAPPORTO et al., 2004a, 2004b; COTONESCHI et al., 2007). Thus, 
although we did not perform any behavioral tests, our results suggest these compounds can be used to signal each 
stage during interactions in the colonies, both between adults and immatures and among adults. 
 
Figure 4 -  Dispersion diagram showing the differentiation in composition of linear alkanes of different developmental 
stages and nest material of Mischocyttarus consimilis from a single population 
 
 
 
In colonies of Polistes satan Bequaert (Hymenoptera, Vespidae) that there is significant variation of linear 
alkanes between females of different hierarchical ranks, which suggests that they can be used to mediate interactions 
in colonies of this species (TANNURE-NASCIMENTO et al., 2007, 2008). Indeed, linear alkanes have also been 
considered key compounds for discrimination of adults younger than 24h in P. dominula (LORENZI et al., 2004). 
Although these results demonstrate that linear alkanes vary significantly among samples, it is not possible 
to infer that they are the most decisive to mediate interactions between nestmates. On the contrary, CHCs of Polistes 
biglumis bimaculatus (Linnaeus) (Hymenoptera, Vespidae) (LORENZI et al., 1997) and of Mischocyttarus 
cassununga Von Ihering (Hymenoptera, Vespidae) (MURAKAMI et al., 2015) concluded that branched alkanes are 
the most important compounds for chemical discrimination between nestmates in these species. What probably 
happens is that the different classes of compounds can vary and provide the necessary information to mediate 
interactions in colonies. 
Through behavioral tests, have also confirmed the ability of adults to recognize larvae of their own colonies 
from those of other colonies in P. fuscatus (KLAHN; GAMBOA, 1983; PANEK; GAMBOA, 2000). In addition P. 
fuscatus uses chemical signals to discriminate their nests, offspring and even sister colonies (KLAHN; GAMBOA, 
1983). Factors such as age and larval diet could also contribute to the differences and similarities in cuticular 
chemical composition between colonies nested in different environments (DANI et al., 2004). In this sense, the 
cuticular chemical composition of P. dominula, reflects the similarities of the habitat in which colonies are nested 
(DAPPORTO et al., 2004b). 
As happens with the members of the colonies, chemical composition of nests also varies significantly 
according to population and, therefore, according to genetic factors and type of environment in which colonies are 
nested (Figure 3), because part of the compounds present on the surface of the epicuticle of the different 
developmental stages are acquired from nest material (SINGER; ESPELIE, 1992) and mainly, because when 
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constructing the nest part of the compounds that are used by the wasps come from sources used as raw material, 
usually plant material (WENZEL, 1998). Once the results have shown that chemical profiles vary significantly 
according to the origin of the colonies (Figure 3), i.e. nesting sites, an analysis using samples from a single 
population would show more clearly the differences between cuticular chemical composition of different 
developmental stages (Figure 4).  
The variation in chemical composition between different larval instars of P. dominula was evaluate from a 
single population in order to avoid potential biases related to environmental differences between the nesting habitats 
of the colonies (COTONESCHI et al., 2009). Also in order to avoid the variations inherent in environment, used 
only one colony to evaluate variations in chemical composition throughout the development stages of the wasp 
Vespula germanica (Fabricius) (Hymenoptera, Vespidae) (BROWN et al., 1991). Furthermore, the results shown in 
Figure 4 corroborate those for P. dominula which also have a chemical signature characteristic for each of the 
different developmental stages (COTONESCHI et al., 2007). 
 Distinguishing CHCs composition between larvae of different stages is important for workers, in this sence, 
it is possible is that these cues can signal how workers must feed the larvae (COTONESCHI et al., 2009). Knowing 
which larva and when to feed it differently can produce adults with different characteristics (ROSSI; HUNT, 1988), 
for example, to produce adult females with higher or lower reproductive potential, since there is evidence that caste 
determination occurs at least partly pre-imaginally in independent-founding wasps (O’DONNELL, 1998). 
 
4. Conclusions 
Our results show that using all classes of compounds it was not possible to detect significant differences 
between the different samples of this species. However, using only the linear alkanes it was possible to distinguish 
them significantly. Furthermore, to assess differences between the different stages of development it is better to 
diminish the effects of other factors, such as genetic and environmental and consider the samples of a single 
population. 
Therefore, according to our results, it is possible to validate the hypothesis that variation in composition of 
linear alkanes can be useful as a complementary tool to assess intraspecific differences in social wasps and provides 
evidence that this class of compounds can also be important for mediating interactions in their colonies. 
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